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ADULT AMD LARVAL STAGES OF PARAVSTROSTRONGYLUS RA1TI 
(NEMATODA. TRICHOSTRONGYLOIDEA) FROM RATTVS PUSCIPES 

by Ian Beveridge’*' & Marje-Clalide DURETTE-DESSEtf 

Summary 

BevtKiDc.E, 1. &. DuKBrru-DassKr, M.G. H993) Adult and larval mages off Pfamstiosirangytus ram (Nemo tola: 
Trsehontrongyloldca) from Rnttus fksflpes, Thms, R, Sac. S, Aust, 117(1), 27-36 4 June. 1993. 

The morphology of the adult and the third and fourth larval stages of Paraustrostrongyiux mm from the native 
rodent founts jusapes is described, with particular reference to the synlophe, as well as the mechanism of amcltinenl 
of the nematode to intestinal villi The synlophe of live fourth larval stage has an oblique as is of orientation, 
in contrast to the frontal orientation in the adult stage, and most closely resembles the synlophe. of specie* of 
DeisetiMrnngylux parasitic In lissyuriU marsupial*. Ontngenclic data therefore suggest that Pnrtiuslrongylu s evolved 
from an ancestor resembling Desseloitrongylus. 



Key Words Nematodes, Trichostrongyloidca, ftmiustrvstrongylux, ontogenesis, larvae, morphology, rodents. 



Introduction 

The trichostrongyloid neinaludc subfamily 
Hcrpctosiroogylinae occurs in the small intestines of 
Australian marsupials and is one of the few 
trichostrongyloid groups in which there is apparently 
a close evolutionary parallel between hosts and 
parasites (Durette-Desset 1982. 1985; Humphery -Smith 
1983, Beveridge 1986). Three distinct lineages have 
been recognised among the eight component genera 
tn maisupials, each sharing a probable common 
ancestry with Wootleyu, a contemporary genus which 
occurs in dasyurid marsupials. M ixAJeya shares features 
in common with the genus Yianpaia, belonging to the 
family Viannaiidae, which is present in South 
American marsupials and rodents (Humphery -Smith 
1983). 

Two of the herpetostrongyline genera, 
.Ausirosircngylus and Pannatr&strongylus, occurring 
in diprotodunl marsupials, wilh one species in the 
marsupial mole, fiotoryaes typMops, and one in a 
rodent, Rattus fiucipcs. me of particular morphological 
interest due to the development of paired lateral 
cuticular inflations, unique within the Trichostmngy- 
toidea. termed '"floats" by Dureite-Desset (1979). The 
evolutionary development of these floats was 
investigated in Austrottrongylux arid in a related genus, 
SutiM/strongylus. (Beveridge & Durette-Desset 1986) 
and species with intermediate or primitive 
morphological features, that is either with a single float 
or without floats, were identified. This study suggested 
that Sutarostrongylus. parasitic in Thylogale spp., 
exhibited a number of primitive characters, ancestral 
to those seen in Auslrosi rongyius, but provided no 
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additional insights into the possible relationships 
between a postulated Wbo/feya-like ancestor and 
Sutawsirongylus. Dessetosirongylus is one possible 
intermediary between ffbolfeyv and Sutarostrongylus 
(see Beveridge & Durette-Desset 1986) as it has a 
syniophe. or complement of body ridges, identical with 
that of Sutarosirvngylus except for the fact that the avis 
of orientation o( the synlophe is oblique in 
Dessetostrongylu.s but frontal in Sutaroxtmngylux. 
Hiimphery-Smith (1983) by contrast, placed greater 
emphasis on the frontal orientation of the synlophe of 
Astsrrostrongylus and derived it directly from an 
ancestral stale resembling dial found in Ufa titeya 
sprenii. 

Gassone ci al. (1986), studying new species of 
lfoolleya and Piiincutlina from dasy urid marsupials 
confirmed die direct M botleya - Austrostrcmgylus 
relationship identified by Humphery-Smith (1983), but 
considered dial Dessetostr&ngytus was a sister group 
to AarmsTroBjy'/wj. 

AU studies oil tile evolution of the Herpetostrongy- 
linae In date have relied on the comparative 
morphology of the adult nematodes and particularly 
on differences in the anatomy and orientation of the 
synlophe. The ontogenesis of larva) stages is an 
important source of phylogenetic information in the 
Trichostrongyloidca (Durette-Desset 1985), but has not 
been exploited in the case of the Herpetoslrongylinae 
other than in the case of BrvcndgieUa pearsvni (see 
Humphrey-Smilh 1980), because no life cycles ate 
known. 

We decided to investigate the morphology of the 
various lifc-cyclc stages of Parausirosifongylus rant, 
the only member nf the genus to occur in a eutherian 
mammal (Obendoif 1979) to attempt to obtain 
additional information on the evolution of the synlophe 
of the- germs. Due to its abundance in Rattus fuscipes 
and the ease with which infected rais could be obtained 
and kept in the laboratory. P. rutti was considered to 





Figs 1-15. FbmustrostTVngyUts ratti Obendorf: Adult. I, anterior end. lateral view, dorsal aspect on left hand side; 2, anterior 
end, dorsal view; 3, apical view of mouth opening and lips; 4 optical transverse section through hexagonal buccal capsule, 
with dorsal tooth; 5, transverse optical section through anterior end of oesophagus; 6, anterior region, left lateral view; 
arrows indicate origins of ridges; 7, anterior region, right lateral view; arrows indicate origins of tidges; 8, bursa, lateral 
view; numerals indicate ray numbers according to Durette-Desset (1983); 9, bursa, ventral view; ID, gubemacuium, lateral 
view; 11, spicule tips, ventral view; 12, spicule tip, lateral view; 13, genital cone, ventral view of papilla 0; 14, genital 
cone, lateral view showing papillae 0 and 7; 15, female tail, lateral view. Scale lines 0.01 mm: figs 1,2, 10, 11-14 to same 
scale; figs 3-5 to same scale; figs 6.7 to same scale; figs 8,9 to same scale. Legend: a, amphid; d, deirid; e. excretory 
pore; 1, lip; p, posterior atrophic uterus; s, submedian papilla; sp. sphincter; t, dorsal tooth; ve, vestibule. 




LIFE CYCLE STAGES OF P. RATT1 



be more suitable for investigation than species 
occurring in marsupials, The morphological data 
presented here also provide the basis for subsequent 
ultraslniclral studies. 



Methods 

Naturally infected rats, Rastus fuscipes (Waterhouse), 
were trapped at Blackwood, Victoria {37°29'S, 
144 ‘ly 'E). killed in the laboratory and the small 
intestine was divided into segments and opened in 
warm 0.09% saline Tile intestinal segments were 
placed in an incubator for two hours to allow 
nematodes u> migrate into the saline. Nematodes were 
then washed in saline and fixed ir. hot 7D% ethanol 
Small numbers of nematodes were fixed in 2.5% 
glularaldeltyde in phosphate buffer ai 4 <1 C. 

Adult, fourth and parasitic third-stage nematodes 
were cleared in laciophe.no! and examined, using 
Ncuranski interference contrast microscopy. Transverse 
sections of Ihe fwdy of male and female nematodes 
were cut using a cataract scalpel, mounted in 
lactcipheunl lor examination and oriented using the 
methods of Durette-Destet (1971) Apical views of the 
anterior extremity were made by similar means 
Specimens fixed in glutarakiehyde were embedded to 
resin, Sections cut at a thickness of 1/tm were stained 
with toluidinc blue and were used to confirm 
morphological tea lures seen in hand-cut section, 
Additional specimens were dehydrated in a graded 
ethanol series, dried in a critical point drier, coated 
with gold and examined with a Siemens Autoscan 
scanning electron microscope. 

Ridges of Ihe synlnphe were numbered in sot 
anticlockwise fashion beginning with the left -ventral 
ridge, in order to demonstrate homologies between 
stages. The numbering system tor the bursal rays anti 
papillae follows that of Durette-Desset (1985) 

Faeces from naturally infected rats were collected, 
mixed with an equal quantity of charcoal and cultured 
on moist filter paper in Petri dishes at laboratory 
temperature. Five and eight days later, larvae emerging 
from Ihe faecal -charcoal mixture were collected in 
distilled water and concentrated by sedimentation. 

Third-stage larvae were examined live in water as 
well as after having been immobilised by heating. Some 
larvae- were killed in hot 70% ethanol and cleared In 
glycerol hy transferring to a mixture of 70% ethanol 
and glycerol and allowing the ethanol to evaporate. 

Measurements were made either with an ocular 
micrometer or from drawings made using a drawing 
tube and are presented in the text in millimetres as Ihe 
range followed by the mean in parentheses. 

Morphological terminology tor the synloplte follows 
dial of Dutene-Desset (1985). All drawings are oriented 
with the dorsal aspect uppermost and the left hand side 
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of the nematode body towards the left margin of the 
page. 

Parasitic third-stage larvae of P. rutxi were 
distinguished from the synhospitalic nematodes 
Nippusrronfpilus magfttts and Odilca bainae by features 
of the tad and cephalic cxtremiiy, based on material 
obtained from monospecific experimental infections 
with each of these two species Tb obtain a 
monospecific infection of adult P rain, one naturally 
infected R. futteipes was killed, all P. ratii in the small 
intestine were sorted while being maintained in warm 
saline, and were transferred by enlerotomy to n 
laboratory-reared R, fuscipes tindet general 
anaesthesia. Four weeks Latet, the recipient rat was 
killed, the intestine removed and 10% buffered formal 
saline injected rapidly into it to fix nematodes in situ, 
Fragments of intestine with worms attached 
subsequently were dissected and prepared fbt scanning 
electron microscopy as described above. Additional 
segments were dehydrated; embedded in paraffin, 
serially sectioned at a thickness of 10 ^ra, and the 
sections stained with haematoxylin and eosin for 
histological examination. 



Results 

Adult male and female nematodes, fourth-stage 
larvae and two parasitic thud-stage larvae were 
examined morphologically under the light microscope, 
as well as third -stage larvae cultured from faeces, light 
microscopic observations were compared with 
scanning electron micrographs of the adults. 



Paraustmurongylus nun Obendorf, 1979 
FIGS 1-38 

Description: Adult: small nematodes, red when live, 
spirally coiled in 3-5 tight coils, ventral surface 
innermost, capable ol uncoiling and becoming straight 
when maintained in warm isotonic solutions. Cephalic 
extremity with prominent cephalic vesicle, 20-30 fine 
transverse ridges on vesicle (Fig, 1). Mouth opening, 
surrounded by four sub-median papillae and two 
amphids, ru> labial papillae visible; six rounded lips 
project into mouth opening. Buccal capsule 
prominently developed, heavily sclerotised, ciieular 
to sub-hexagonal m transverse section (Fig, 4). walls, 
arched inwards, increase in thickness towards base, 
lumen increases in diameter towards base; prominent 
tooth projects inwards from dorsal lobe of oesophagus; 
sub- ventral teeth absent. Oesophagus elongate, slender, 
clavate, widened at anterior extremity; excretory pore 
variable in position, usually anterior, occasionally 
posterior, to oesophago-incestinal junction; deiridtiny, 
domed, at level of excretory' pore; nerve ring in mid- 
oesophageal region, visible in few specimens only. 
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Figs 16-23. Paraustrostrnngylus rani Obendorf: adult. 16-22, transverse sections of body. 16-19, male, 2.3 nun long; 16, 
at posterior end of cephalic vesicle, 0.06 from anterior extremity; 17, in oesophageal region, 0.30 mm from anterior extremity; 
18, in posterior half of body, 1.60 mm from anterior extremity; 19 in cloacal region, 0.10 mm from posterior extremity; 
20-22, female, 2.6 mm long; 20, oesophageal region; 21, 0.50 from anterior extremity; 22, 1.90 mm from anterior extremity; 
23, posterior end of male, ventral view, showing termination of ventral ridges (arrows) and termination of floats (f). 
Legend: d, dorsal; 1, left; r, right; v, ventral; ridges are numbered (1-7) in an anticlockwise direction from the left ventral 
ridge. Scale line; 0.01 mm. 
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Body covered with numerous fine transverse 
annotations (Fig 36); two lateral, fluid-tilled cavities 
<= floats) present on either side of body, extend from 
immediately posterior 1o vesicle to posterior region of 
nematode. Synlophe comprised of three ventral ridges 
(1-3) (Fig. 36), oriented from right, to left, diminishing 
in size from left to right; righi float with two dorsal 
(5,6) (Fig. 35) and single ventral (4) ridge directed 
towards left dorsal; udges 1-3 commence posterior to 
vesicle; left float, with single ridge (7) i.Fig, 35) 
directed petpendiculai to body, commences posterior 
to mid-oesophagus; right float with two dorsal (5,6) 
and one ventral (4) ridge; ridge- 6 commences posterior 
to vesicle, followed by 5 then 4 m mid -oesophageal 
region. 

Male ('measurements of 10 specimens). Total length 
1.98-2 j66 (2.301; maximum width (without floats) 
0,050-0.070 10057); cephalic vesicle 0.055-0.065 
(0,064) long, oesophagus 0.27-0.30 (ft 28 1 lung, nerve 
ring cirai 0.15 from anterior extremity; excretory pore 
0.21-0.29 (0.25) from ante nor extremity; deirid 
0.22-0,30 (0.26) from anterior extreraiiy. spicules 
0.23-0.32 (0.27) tong. gubemacuJurn 0.025-0045 
(0.0T7) long Synlophe: ventral ridges and right float 
terminate near anterior extremity of spicules; left float 
continues tn level of gubemncuhim Bursa symmetri- 
cal, lubes indistinct, dorsal lobe mil separated from 
lateral lobes; rays 2 to 6 of bursa grouped in pattern 
ol 3-2 (jenxtr Dureue-Desset 1983) or 1-2-2 allowing 
for highly divergent ray 2; ray 2 slender, short, 
divergent, not reaching margin of bursa, rays 3 to 5 
more robust, directed postero-laterally, of approxi- 
mately equivalent size, not qiutc reaching margin of 
bursa; ray 6 shares common origin with ray 5, robust, 
blunt, directed posteriorly, reaches margin of bursa, 
dorsal trunk separate from Lateral trunk, ray $ arises 
from dorsal trunk, slender, does not reach margin of 
bursa, rays 9 slightly asymmetrical, short, slender, 
arise close to origin of ray 10; ray 10 stout, divides 
near extremity into 4 branches: outer parr of branches 
more robust; final branches do not reach margin of 
bursa. Spicules simple, elongate, slate; anterior 
extremities irregularly knobbed, distal up-; joined: each 
spicule with One, spitiilorm ventro-lateral branch 
arising in distal 1/6-1/7 of spicule; spicule tips 
surrounded by expanded sclcrotised flange in do mo- 
ventral view; each main branch of spicnlc terminates 
in two fine spinifonn projections within flange; 
gubemaculum elongate, rectangular in dor&o- ventral 
view, composed of two layers; genital cone heavily 
scletotiaed, complex, conical in shape, c. 0.020 long, 
base 0020 wide, papilla 0 at tip of ventral bp of genital 
cone; paired papillae 7 on dorsal lip of cone. 

Fetmle: (measurements of 10 specimens). Total length. 
2.48-2.95 (2.70); maximum width (without floats) 



0.060-0.070 (0.066), with floats circa (110; cephalic 
vesicle 0060-0.070 (0063) long, oesophagus 1X264X32 
(0.29) long; nerve ring circa 0.18 from anterior 
extremity; excretory pore 021-0.27 (Q21) from antenor 
extremity; deirid 0.22-0.26 1 0.24) from anterior 
extremity; lari 0.08-0.1! (0.10) lung, vulva to posterior 
extremity 0 14-0.21 (0.17); egg 0065-0.080 (0074) by 
0.035-0045 (0.038). Synlophe: ventral rnlges extend 
to vulva, floats disappear in region of uterus, approx, 
0.44 from tail. Tail extremely long, conical; vulva 
immediately anterior to uterus, opening to exterior on 
slight prominence; female genital system monodelphic 
though with posterior uterus patent and ovary persisting 
in vestigial form, vagina, vestibule and sphincter circa 
006 long; infundibulum short, circa QJB4 long, 
prodelpbic, leads to elongate uterus containing 1-4 eggs; 
eggs thin-shelled, ellipsoidal. 

Fourth stage larva; Small nematodes, spirally coiled 
m 3-4 cods, ventral surface innermost; cephalic vesicle 
absent; mouth opening surrounded by four submedian 
papillae awl two amphids; lips absent. Buccal capsule 
sub-cylindrical, heavily sclcrotised. teeth absent. 
Oesophagus elongate, davale; nerve ring in mid- 
oesophageal region; excretory pore in region of 
oesophago-imesiinal junction. Synlophe; body floats 
absent; live ridges; three ventral ridges (1-3), oriented 
faun right to left, diminishing in size from left to right; 
ventral ridge (4) on right hand side, oriented from right 
to left; single dorsal ridge (5) on right hand side, 
oriented dorsal from right to left, orientation of 
synlophe oblique from right ventral to left dorsal at 
about 60° to sagittal axis. Tail elongate conical. 

Male (measurements of five specimens.) . Total length 
1,09-1.76 (1.44), maximum width 0033-0.0*6 (0040); 
oesophagus 0.21-0.28 (0.26). tail 0.049-0.085 (0.066), 

Female (measurements of five specimens) Total length 
1,47-200 (180). maximum width 0.030-0.052 (0044), 
oesophagus 0,25-0 29 (027), tail 0052-0 143 (0082) 
Specimens with developed genitalia show- disiiisrt 
posterior uterus, recurving into short ovary iFig 32) , 

Third stage larva: AarosiVrc.' TWo parasitic third stage 
larvae were recorded, but detailed morphological 
comparisons were possible from one only. SntaD 
nematode, 0.76 long, spirally coiled in three coals; 
buccal capsule cylindrical, very lightly sclerotised; 
oesophagus slender, clavate, 0.18 long, excretory pote 
in posterior oesnphageal region, 0.12 from antenor 
extremity; tail elongate, conical, with dorsal and ventral 
projection. Synlophe composed of two parrs of alae 
beginning on lateral aspects of body, perpendicular to 
body surface; towards mid-region of body, alae 
gradually shift in position to dorsal and ventral; in mid 
hixly region, the left ventral pair are larger with one 
ru almost a mid -ventral position, and second ridge to 
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Figs 24-32. Paraustrostrongylus rani Obendorf: larval stages. 24-27 third larval stage cultured in vitro; 24, entire larva, 
lateral view; 25, cephalic extremity, lateral view; 26, tail, lateral view; 27, transverse section in mid body region; 28, 
transverse section of parasitic third-stage larva front small intestine; 29-32, fourth-stage larva; 29, anterior end, lateral 
view; 30, buccal capsule, lateral view; 31. transverse section of laiva in mid-body .region, arrow indicates orientation 
of synlophe; 32, tail of female fourth stage larva with posterior branch of genital system. Scale lines: fig. 24, 0.1 mm; 
figs 25-32, 0.01 mm; figs 25-26 to same scale. Legend; p, phasmid; u, posterior uterus and o, ovary; ridges arc numbered 
in an anticlockwise direction from the left-ventral ridge. 
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one si«i.* of it; two dorsal alac smaller, one almost 
duisal in position. Other to oiil' stile ol it. 

Fn't'-fMng: (measurements of five specimens). 
Slcrttlei, elongate larvae. 0.50-U.SS (0.53) long, 
maximum width 0016 0.021 (0,018); buccal capsule 
cylindrical, c, 0.005 long. 0.002 wide, continuous with 
selmutsed internal lining of anterior oesophagus, 
oesophagus slender, 0 14-0,16 (0,15) long; nerve- ring 
0.078-0.083 (0.082) from anterior end, excretory pore 
orihb 0.099 (0,096) from anterior end; intestinal cells 
filled with granules, numbet of cells not ascertained, 
genital piiouKiliuitt ovoid, 0.00K 0.013 (0.010) by 
nrKYvOOOH (1)007). 028-0.33 (0.31) from anterior 
CXtrclilU}. lad elongate, conical. 0.065-0.089 (0.075) 
long, w iih dorsal and ventral spike close to tip; larva 
svith four longitudinal alac, two on each side of body, 
ut lateral position, almost perpendicular to body wall 

Allacktnenl la the intextina! nturaia 

Adult nematodes arc coiled vcnuallV atound 
iHloXuial villi (Figs 3.7, 37) usually with the tail near 
the distal lip of the villus; when fixed, the coils of the 
body ate maintained (Fig. 34). At the .site ol 
attachment, nematodes compress the villi i. f igs 37, 38) 
and, although they generally retract from the site of 
attachment when fixed, the impressions of the ventral 
ridges remain in the intestinal epithelium (Fig. 38). 
Changes in the epithelium at the site ol attachment 
include cuboidal to squamous epithelial cells, 
elongation ( - flattening) of nuclei associated with the 
change to a squamous cell type loss of cytoplasmic 
different union and the loss of the brush botdet of 
microvilli. Although sometimely squamous, no delects 
were detected in the epithelium. No marked 
irtfi«inmatoty changes were delected but there were 
significant numbers of mononuclear cells, macrophages 
and lymphocytes, present in the Lamina propria together 
with a small numher of eosinophils 

Discussion 

Morphology of the adult 

The desei tptioit ol the adult provided here 
supplements the original description by Obendorf 
• 1979), which was found io be accurate in all essentials. 
Olxrildoi I (1979) liowcver, did not provide an apical 
view of the , mtcrinr extremity and provided only a 
single, unoncnicd dmwmg of die sy niophe of the adult. 
In die. present examination, the synloplic is described 
hi detail, including the origins and terminations of the 
body ridges. Durcttc-Dcssci (1979) and Beveridge & 
Dinette Me sect (1986) have shown that the number of 
h niy ridges changes in the posterior region of the body 
in several species of AHxtroxtronxylux anil 
Rrn»txtmrtr< viy y/ux , bat comparable data were lacking 
for P rani. This study demonstrated that in P. raiti, 
the pi i uctpal ntlggs arise in Uic oesophageal region and 



persist io the level of ihc spicules in the male and to 
the level of the vulva in the female. In the male, (he 
kl), bur not the nglu flnnt extends almost to the level 
of the bnts*. as it does also in P trichtouri and in A 
Htfnliiiuj, [lie latter being a s|xx ie' which possesses 
only one float P anti also resembles L sq/wW/itf in 
having three rather than the four vcriltal longitudinal 
ridges present m most other members of these genera 

The three principal ventral ridges arise close to the 
cephalic vesicle, while the ridges on the floats at isc 
, somewhat more posteriorly, with the ridge on the left 
float arising mid-way between the vesicle and the 
cxerctoiy (Hire and the two dorsal ridges on the right 
float arise in the anterior ocsophitgcfll region, The 
ventral ridge arises midway between the cephalic 
vesicle and the excretory (Hire. The origins and 
lerminalions of ridges have been reported in few 
eonfamilial species, but have been shown to be ol 
considerable taxonomic use at the species level in 
genera such as Nvmuiodinis (see Lichtenfetx & Pihtt 
1983). Preliminary observations hv Beveridge A 
Durcttc Dcsset (1986) on species of Anxiroxin>ngylus 
suggest that this may be the case ui the Mctpeiosmmgy 
linae, but features have been described in too few 
species to allow any firm Conclusions to be diuwu, 

An uvteiestmg feature of the morphology ol /’ rani , 
noted by Obendorf (1979) whs the presence of a 
vestigial posterior branch to the lematc genital system. 
T lis observations were confirmed in this study, and the 
same structure was also seen in the fourth larval stage. 
The genet u Auxitvstrongylus and Pa rtittxl tvxtrtuifi\ 7«.v 
are considered to be very closely related but can be 
separated on the basis of the presence ol a selcroliscd 
genital cone in PuniuxIrosiranRyliix . the absence of 
ventral teeth in Panwxtrvsuon^ylux and the position 
of ray 2 (Beveridge A Duretle Dcsset 1986) Species 
of Piirausirostrongylus arc invariably monodclphic 
white most species ol Auxlraxtranyylux are didelphic. 
The evolution ol'monodelphy has occurred repeatedly 
in the Triehostrongyloideu (sec Duretle Desset 1985) 
and the vestigial posterior uterus in P ryitli provides 
an obvious connection between the monodclpluc and 
didelphic lorms seen in lhe.se two closely related 
genera In other trichostrongyloid genera such as 
NM/htliginonella , die posterior uterine branch may 
persist in the adult nematode, hut docs SO only its a 
small collection of cells, posterior to the vulva (Durcilc- 
Dessct & Cassone 1987), rather than the almost hilly 
limited hut diminutive posterior branch seen in P rum 

Armchmrni to villi 

Results ptescltled here indicate tlia: /’ rani attaches 
to intestinal villi by coiling spirally around them, is 
in certain otfici rricliuxtxorigyloid nematodes ( Ornette 
Desset 1985). T he ventral body ridges clearly press 
into the intestinal epithelium, anti nitty therefore assist 
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the nematode in maintaining its attachment to the villus. 
The ventral surfaces of both body floats are also in 
close apposition to the epithelium and effectively 
increase the surface area of the nematode in contact 
with the intestinal epithelium. The ventral ridge of the 
right float (4) and to some extent the latero-dorsal ridge 
(4) of the right float (5) also cause indentation of the 
epithelium, and may therefore also assist in attachment. 



Once in place on a villus, dorsal ridges would seem 
to have little function in attachment, and one of the 
features of P ratii is that it has few' dorsal ridges. 
However, when observed in warm isotonic solutions, 
the nematode is capable of uncoiling completely, and 
evidence from the localisation of experimentally 
transplanted nematodes indicates that they are capable 
of migration within the intestine as is the case with 




Figs 33-38. Paraustrostrongylus ratti Obendorf. 33-36, scanning electron micrographs. 33, entire nematode coiled spirally 
around villus in small intestine; 34, entire nematode, 9- showing body coils (4); anterior end to left; 35, dorsal surface 
of nematode showing ridges 5 and 6 of dorsal aspect of right body float and ridge 7 on lateral aspect of left float; 36, 
ventral surface of posterior region of body showing ridge 7 on left body float and ventral ridges I and 2; 37, longitudinal 
section through villus showing posterior part of nematode coiled around villus, with anterior end extending to left of field; 
38, histological section through villus at point of attachment of P. ntui, with nematode retracted, leaving sites of indentation 
(arrows) of ridges in epithelium. Scale bars; figs 33. 34, 37. 0.1 mm; figs 35, 36, 38 0.01 mm. 
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other tricbostrcmgyloitls (see Croll & Ma 1977) . The 
dorsal riilges may therefore be of use dm mg nematode 
migrations within the small intestine, when the)' are 
uncoiled and are moving between villi, 

Morphology of La n-at singes 

The morphology of the buocal capsule of die fourth 
stage of P rani resembles very closely tha rtf the fourth 
stage of B. peersorti (sec Humphcry-Smilh 1980) In 
peratnelld marsupials and Globocephaloidrs 
trifidospicularis (see Beveridge 1979), a species 
parasitic In maempodid marsupials. The Cilobocepha - 
loidinae, to which the latter genus belongs, was placed 
within the Herpetostrongylidae by Dinette -Desset 
(1983) based cm features of the bursa and buccal 
capsule. Since members of the sub-family lack a 
synlophe, their precise affinities have not been 
established. However, the similarities between the 
fourth stage larvae of C. :n fidospicula ris. fl pearsoni 
and P ram provide additional ev ideoce that the two 
subfamilies are related. 

Only two parish ic thiai larval stages of P. rairl were 
found, However, they were identified by the 
characteristics of the tail, which was identical to dial 
of larvae cultured from faeces. Both parasitic larvae 
were spiral !y coiled , as are the fou rth stage and adult 
The pairs of alae which were clearly lateral In position 
at the anterior and posterior extremities of the body 
were slightly shifted in position in the mid-body region 
so that the larger, Left pair were almost ventral in 
position, while the smaller, righl pair became almost 
dorsal in position. This gradual shift in ridge position 
and the hypertrophy ami ventral shift of one pair of 
alae presumably aids in attachment, as is the case in 
the adult, Two pairs of lateral alac were evident in the 
free-living third larval slage but they remained in the 
latere position throughout the length of lire nemafode 
body. Several other titchostnongy folds have paired 
lateral alae kn the third stage larva (Eckert & Scbware 
1965; Durette-Dcsset & Cassone 1987). The apparent 
change in orientation of the ndges in the mid-body 
region during the Initial parasitic phase of die life cycle 
appears to assist tbs nematode m attaching to villi, but 
(he mechanism by which this might occur is unclear. 
Usually there is no change in the synlophe unless a 
mooli occurs, t»ul In tlus instance, the change io 
position of the alae is visible in the entire nematode 
us well us in sections. Additional observations are 
clearly Deeded to confirm die results reported here. 

EvoUUtanary relationships 

The description of the fourth larval stage of P nidi 
provides additional utsight into the evolution of dve 
Hcrpelustmngyliilac. The type of information which 
Can be provided by the larva) synlophe has been 
discussed by Dureitc-Desset (1985). Generally, the 
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larval synlophe demonstrates primitive features 
compared widi that of the corresponding adult and 
frequently resembles tbe adults of oilier, related genera 
thereby allowing phylogenetic reconstructions. In the 
case of P. rani, as in other tnchoslTongyloids, the larval 
synlophe differs markedly from that of the adult. The 
larva lacks floats; in the larva, the axis of orientation 
is oblique rather than being fmtual, as occurs in the 
aduh and the sy nlophe has two fewer ridges, lacking 
those found oo the left float and on the dorsal right 
float of the adult, Tbe larval synlophe of P rani most 
closely resembles that found in the adults of 
Susarasrnpngyfvs and Dessetostrongylus but differs 
from that of Suta/oytrongy/ui in having one rather than 
two dorsal ridges, arc! m orientation since die synlophe 
of Sutarostrongylus has a frontal orientation, similar 
to that of the adult P. ratti. The oblique orientation 
of the synlophe of the larval stage of P rani resembles 
that of DtsselOSlrongylus, from which it differs only 
in having fewer dorsal ridges The homology of ridges 
between adult and larva here considered to be most 
likely is that ridges I to 3 of the larva correspond with 
ridges 1 to 3 of the adult, while the two additional 
ridges of the larva (4 and 5) correspond to two of the 
ridges on the right float of the adult (4 and 5). An 
alternative possibility would be that the first four ridges 
from left to right correspond to the four ventral ridges 
present in most species Of Auxtrosinmgylus and some 
species of Ptirausirostrongylus, with the fifth ridge 
corresponding to one of the ridges on the light float. 
This interpretation involves postdating the loss of » 
ventral ridge in adult P. rani and the appearance of 
two rather than one new ridge for the right float. The 
more parsimonious of the two hypotheses has been 
chosen here. It U also consistent with ihe hypothesis 
of Humphery-Smith (1983) that species of Wroileya 
with three left- ventral, obliquely oriented ridges, were 
the likely ancestors of Dessetostrongylus. 

Hie suggested intermediate forms in tbe proposed 
transition senes for the evolutionary lineage between 
Hbolleya and A usirosn wigytus/Pa raus t rosmmgytus 
have been Bereridgiella (see Durettc-Desset 1982; 
Huniphery-Smith 1983) and Dess el astro ngylus (see 
Beveridge & Duiette-Desset 1986). Patricialina, an 
additional possibility, has a frontally symmetric*! 
synlophe. while both Be\>eridgiel(a and Desseio- 
strongylus have an oblique orientation to the synlophe. 
fhtnciaiina was considered to have been denvvd from 
BewrUigteUa by Humphcry-Sinith (1983) and Catenae 
el at (1986). Bes-eridgielia has a greater dumber of 
dorsal ridges than Dessetostrmgyins, and increases in 
llie numbeT of ridges occur tn a number of evolutionary 
lineages within Ihe Triehosirongyloidcs (DuTette- 
Desset 1985), suggesting that the synlophe in species 
of Reverrdgietta is probably derived from a 
DessetonrmgytusA iks ancestor. This us foet is shown 
in the larval stage of B pearsoni isee Wurephcry -Smith 
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1980), which has a synlophe close to that of 
Dexsetnstrongylus. The synlophe of the fourth- stage 
larva of P. rani differs from that of adult 
Dessetostrangyl us moorhousei only in lacking an extra 
dorsal ridge. Because of the close correspondence 
between their synlophes, it appears likely that 
ParaustrostmngyluM evolved from an ancestor 
tesembling contemporary species of Dessrtostrmgylus, 
thus supporting the hypothesis proposed by Beveridge 
& Durette-Dcsset (1986) and Cassone el af. (1986). 



Acknowledgments 

Rats were obtained under permits from the Victorian 
Department ol Conservation and the Envirunmenl 
(90-053 and 91-095). We wish to thank Christine 
Andersen for expert technical assistance, Lilliana 
Tatarczuch tor the preparation of the thin sections and 
Dr D. M. Spratt for comments on the manuscript. This 
work was supported financially by the Australian 
Research Council, 



References 



Bevekiixik, I. (1979) A review of the Globoeephaloidinac 
Inglis fNematoda: Amidostomatidae) from maempodid 
marsupials. Aust J. Zool, 27, 151-175, 

(1986) Coevolutionary relationships of the. helminth 

parasites of Australian marsupials, pp 93-117. In 
“Coevululion and Sysietnaiics” A, R. Stone A D L. 
Hawksworth (Eds). The Systemalics Association. 
(Clarendon Press, Oxford) 

& Durette-Desset, M.-C. (1986) New species of 

Austrostrongylus Chandler, 1924 (Nematoda, 
Triehosirongyioidea). from Australian marsupials, with a 
r&kseriplion of A, minutivs Johnston & Mawson, 1938, and 
description of a new genus Sutarostrongylus. Bull. Mus. 
rtaln. Hist . not. , Paris 4eme ser. 8, 145-170. 

Cassone. J., Durette-Desset, M.-C. & Presidente, P. J. 
A. (1986) Nouvelle hypothese sur revolution des 
Hcrpctostrongylinac (Ncmaioda, Tnehostrongyloidca) 
parasites de Marsupiaux australiens. Ibid, 267-283. 

Croix, N. A. &. Ma. K (1977) The location of parasites 
within their hosts: the influence of surgical manipulation 
of the intestine and blood supply on the dispersion of 
Nippostrvngslus brasitiensis in the rat Int. J. Pants itol. 
7, 21-26. 

Durette-Desset, M.-C. (J971) Essai de classification des 
Nematodes Heligmosomes. Correlations avee la 
pakbbiogoographie des hotes. Mem. Mus. nalrt. Hisl. ruU. , 
Paris, ser A, Zoologie 69, 1-126. 

(1979) Complements morphologiques a 1'eiude des 

genres Austrostrongylus Chandler. 1924, et 
f\:raustrostrongylus Mawson, 1973 (Nematoda, 
Trichostrongylidae). Bull , Mus. rutin. Hisl. n at, Paris, 
se'r 1, 1023-1030. 

(1982) Relations h6tes-parasites chez les 



Triehostrongyloides. Mem Mus. nattt. Hist, nat., Paris 
ser. A., Zoolagie 123 , 93-100. 

(1983) CIH Keys to the Nematode Parasites of 

Vertebrates. No, 10 In R. C. Anderson & A. G. Chabaud 
(Eds). Keys to genera of the superfamily 
Triehosirongyioidea. Commonwealth Agricultural 
Bureaux. Famham Royal, pp.68. 

(1985) Trichostrongyloid nematodes and theii 

vertebrate hosts: reconstruction of the phylogeny of a 
parasitic group. Adv. Parasitol. 24 , 239-306. 

& Cassone, J. (1987) Sur deux Nematodes 

Triehostrongyloides parasites d’un Muride' afiricain. n - 
Chronologie des cycles, description des stades larvatres et 
des imrnatures. Ann. Parasitol. Hum Comp. 62, 133-158. 

Eckert, J. & Schwarz, R. (1965) Zur Struktur tier Cutieula 
mvasionsfhaiger Larven einiger Nentatodcn, 2e.it. J 
Parasitenk. 26, 116-142. 

Humthery-Smith, I. (1980) Bevendgiclla n. gen., 
Dessetosirongylus n. gen. (Nematoda, Triehosirongyioidea) 
parasites de Marsupiaux australiens. Bull. Mus. natn. Hist 
nut. , Paris, 4eme se'r. 2, 999-1012. 

(1983) An hypothesis on the evolution of 

Hcrpctostrongylinae "(Triehosirongyioidea: Nematoda) in 
Australian marsupials, and their relationships with 
Viannaidae. parasites of South American marsupials. Aust 
J. Zool. 31 . 931-942. 

Lichtenfels, J. R. & Pilitt, P. A. (1983) Curicular ridge 
patterns uf Nematndirus (Nematoda: Triehostrongyloides) 
parasitic in domestic ruminants of North America, with 
n key to species. Proc. Helminthol. Sot. Wash. 50, 261-274. 

Orenoore, D. L. (1979) The helminth parasites of Paints 
fiucipi's (Waterhouse) from Victoria, including description 
of two new parasite species. Aust. J Zool 27, 867-879. 




